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Production technology for graphite materials was developed over
100 years ago by A. Byuksmeyster (1878-1880) in Russia, E. Acheson and
G. Kastner in the USA (1887-1893).
The main consumers of graphite materials have been metallurgy,
chemical industry and nuclear engineering up to the present. Currently, in-
ternational prices of graphite materials range from $ 3/kg (electrode prod-
ucts) to $ 40-200/kg of special construction and high-purity materials.
Studies on production of friction materials, brake disks or pads to
them are based on a theoretical model of gas-phase densification of porous
mediums with pyrocarbon by methods of radially positioned pyrolysis zone.
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The core essence of thermal-gradient gas-phase methods for binding
with pyrocarbon is that during densification there is the temperature gradi-
ent, reverse to the gradient of hydrocarbon gas concentration, in the pre-
form. The most common regularities of thermogradient methods follow
from the developed by prof. V.A. Gurin theoretical model of densification
of porous preforms with pyrocarbon by the method of radially positioned
pyrolysis zone.
Plant  installations  of  AGAT  –  1.6  type  are  used  for  production  of
new friction materials.
The plant has the following specifications: type of voltage – AC,
maximum power – 250 kW, voltage on the heater – up to 40V, current on
the heater (maximum) – 6000 A. Dimensions of the working space volume:
diameter - 600 mm, height - 1400 mm, door frame – 320x1070 mm.
The essence of the method is in the fact that the given Tk is realized
on the surface of the molybdenum rod in a narrow zone (the pyrolysis zone)
around the rod. Reactions of pyrocarbon subsidence on the surface of the
powder particles take place only in the pyrolysis zone. In the rest volume,
temperature along the radius of the preform is below the threshold tempera-
ture of pyrocarbon subsidence. Maintaining the desired temperature Tk on
the thermocouple, it is positioned along the radius of the preform at the de-
sired speed towards the external surface and all the powder-filler is bound
with pyrocarbon to the desired density.
Unlike isothermal methods, throughout the whole process of densifi-
cation transport pores of preforms remain open. The porous preform shell
and  external  layers  of  the  filler  are  the  last  to  be  bound  with  pyrocarbon.
Hydrocarbon gas freely diffuses into the pyrolysis zone, and hydrogen pro-
duced – in the opposite direction. Along the radius of the densified porous
medium there always exists the temperature gradient in the direction reverse
to the gradient of hydrocarbon gas concentration.
The method is exceptionally energy-efficient. Merely the external
surface of the preform radiates heat, and it is quite cold throughout the
whole  process.  Only  at  the  end  of  the  process  temperature  on  the  surface
reaches Тк = 900 -1000 °C.
The theoretical model of this method should, firstly, answer the
question, at which speed it is necessary to position the pyrolysis zone in or-
der  to  get  the  desired  (in  most  cases  –  the  highest  possible)  density  of  the
material.
The problem is solved by considering the systems of equations of
molecular mutual diffusion “hydrocarbon gas – hydrogen” in cylindrical
coordinates under conditions of presence of the temperature gradient in the
diffusion direction and under boundary conditions. Boundary conditions are
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the following ones: on the external surface of the preform hydrocarbon gas
concentration is 100%, and hydrogen – 0%. There has been also taken into
account the fact that during the process temperature on the preform surface
is constantly growing, that is, hydrocarbon gas concentration is a function
of the surface temperature. Omitting solution of the systems of equations of
mutual diffusion of the given gases, we give the final formula for the posi-
tioning speed of the pyrolysis zone:
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As  you  can  see,  all  the  arguments  in  this  equation,  except  for  the
temperature gradient, are tabular data or can be determined by generally
available experimental methods.
When using the method, there also arises an important question of
forecasting the maximum possible density of materials or products made of
them.
This issue is defined by the equation, which allows calculating the
maximum possible final density of materials ρkM depending on the specific
content and pycnometric density of the filler:
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All the parameters that are included into the equation (2) are easily
calculated or determined experimentally.
The highest possible degree of filling voids with pyrocarbon η was
determined in accordance with the cluster theory of penetration threshold.
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